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Abstract 
According to the principle of the function division of surface water, the Songhua River basin is divided into 2 
primary function regions and 3 secondary function regions by divided system of two grades based on the analysis and 
evaluation on the water quality and quantity. According to the practical situation that the amount of water reducing 
and the channel becoming shallow in dry season makes the channel water amount and velocity decrease, the paper 
employs one-dimensional calculation model and defines model parameters rationally to calculate the water 
environment capacity of every function zone and get the calculation result. Based on knowing the water environment 
capacity of the water function region, people should carry out the optimization distribution and management of water 
resources, ought to improve the benefit and efficiency of water utilization, strictly control developing the industries of 
highly water-consuming and high-polluting, and construct a water-saving and anti-pollution society extensively. 
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1. Introduction 
Songhua River, Yinggetu River and Yindamu River are main rivers in Jiamusi Urban Area.  The 
Songhua River with the total length of 2309 km and the basin area of 5.46 million km2 is the largest 
tributary at the right bank of Heilongjiang River. The Jia Musi is with the catchment area of 528,000 km2, 
the annual runoff mean of 67610 million m3 and the lmaximum of measured flow of 18400m3/s. The 
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Yinggetu River and Yindamu River, which are the primary tributaries of the Songhua River flow into it at 
the upper and the lower of the city respectively. The annual average of the total water resources is 389 
million m3, of which the surface water resources are 225 million m3. 
2. Zoning Water Function of the Surface Water 
The water function zoning is not only the basis for water resources management but also a basic work 
of the exploitation and protection of water resources. The aims of water function zoning are to carry out 
the environment quality management and the water pollution control based on the natural attributes of 
water, the social demand, and the target requirements of water functional zone [1]. It makes the water 
resources create the biggest economic, social and environmental benefits. At the same time, it promotes 
the development of society and economy without destructing the protection target of water resources [2]. 
2.1. Principle of Zoning Water Function 
The water function in Jiamusi Urban Area is zoned following the principles below: (1) it is sustainable 
development. (2) it is convenient for managing and it is practical and feasible. (3) it should highlight key 
points with overall consideration. (4) it should reasonably use environment capacity and take water 
quality and quantity into consideration at the same time [3, 4].  
2.2. Results of Zoning Water Function 
Tab.1. Zoning Water Function of the Surface Water of Jiamusi Urban Area 
Classification Code River Initial section Last section 
Name of water 
function region 
Standard 
of water 
quality  
First-grade water 
Function region 
A0404400102000 
Main 
stream of 
Songhua 
River 
Linjiang 
village 
1km 
before  
the inlet of 
Tangwang 
river  
Tang Yuan country 
reservation region of 
Songhua River 
III 
A0405200103000 
1km 
before  
the inlet of 
Tangwang 
river  
Fuhe village 
Jiamusi development 
region of Songhua 
River 
III~IV 
Second-grade 
water function 
region 
A0404400103013 
1km 
before  
the inlet of 
Tangwang 
river  
Jiamusi 
harbor 
authority 
Jiamusi industrial and 
agricultural water 
consumption region of 
Songhua River 
IV 
A0405200103000 
Jiamusi 
harbor 
authority 
Hongli 
village 
Jiamusi pollutant 
discharge control 
region of Songhua 
River 
* 
A0405200103000 Hongli village 
Zhonghe 
village 
Jiamusi transitional 
region of Songhua 
River 
IV 
The range of zoning water function is the Songhua River basin which goes through Jiamusi Urban 
Area. Following the Principles above and according to the standard of OUTLINE OF NATIONAL 
WATER FUNCTION ZONING and STANDARD OF SURFACE WATER FUNCTION ZONING OF 
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HEI LONGJIANG (DB23/T740-2003), the Songhua River basin is divided into 2 first-grade water 
function regions and 3 second-grade water function regions by the divided system of two grades. The 
Tang Yuan country reservation region and Jiamusi development region of Songhua River are the first-
grade water function regions. The Jiamusi industrial and agricultural water consumption region, Jiamusi 
pollutant discharge control region and Jiamusi transitional region of Songhua River are the second-grade 
water function regions. There is detailed information in Tab.1. 
3. Calculating Water Environment Capacity of the surface water 
The water environment capacity refers to the amount of pollutants that the water accommodates under 
the condition of the prescriptive target, design flow, the position of sewage discharge outlet and the way 
of pollution discharge. 
3.1. Calculation Range  
The range of calculating water environment capacity of the surface water is 2 first-grade and 3 second-
grade water function regions in Jiamusi Urban Area. 
The water function in Jiamusi Urban Area is with the length of 203.8km, of which the reservation 
region is 102.2km.The second-grade water function region among the development region is 101.6km, of 
which the industrial and agricultural water consumption region is 69.0km, the pollutant discharge control 
region is 7.4km and transitional region is 25.2km. 
3.2. Calculation Model 
According to practical situation that the amount of water reduces and the channel becomes shallow in 
dry season, making the channel velocity decrease, it calculates the water environment capacity with one-
dimensional model. 
There is the calculation formula. 
rS QukxukLCCM )/exp())/exp((5.31 0                                                                     (1) 
where ：M—water environment capacity(t/a); Cs—the concentration of controlling factors of water 
quality at the lower section of water function region(mg/L); C0—the concentration of controlling factors 
of water quality at the upper section of water function region(mg/L); k— the synthetic attenuation 
coefficient of pollutants(1/s); L—the length of water function region(m); x—the distance between the 
lower section of sewage discharge outlet and he lower section of water function region(m); u—the 
average velocity under the condition of the design flow; Qr—the design flow. 
3.3. Choosing Parameters Used in the model 
3.3.1. Determining the Target Value of Water Quality 
Tab.2. Standard Value of COD and NH3 
Items Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ 
COD ≤ 15 15 20 30 40 
NH3≤ 0.15 0.5 1.0 1.5 2.0 
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Determining the target values of water quality of every water function region which is based on the 
category of the water function region is the basis for calculating water environment capacity.  
It chooses COD and NH3 that can reflect the characteristics of water pollution as the control objectives 
[5]. The standard value of COD and NH3 is referring to STANDARD OF SURFACE WATER 
ENVIRONMENT QUALITY (GB3838-2002). There is detailed information in Tab.2. 
3.3.2 .Determining the Design Flow 
The value of the design flow has a great effect on calculation results .The series of flow date which is 
too short to reflect the hydrology regularity. The water environment capacity of the water function region 
is different under the different design flow. In order to reflect the periodic variations of the hydrological 
year and the development, it chooses the series of flow under the condition of 75% guarantee rate in dry 
season between the year of 1956 and 2000 as the design flow. 
3.3.3. Determining the Design Velocity 
It calculates the design velocity according to the following formula in the water function region with 
measured hydrological flow date.  
U=Qr /F                                                                                                                                                    (2) 
 Where: U—design velocity (m/s); Qr—design flow (m3/s); F— area of the flow section (m2);  
It estimates the design velocity according to the hydrological date of the hydrologic station under the 
similar hydrogeology condition. 
3.3.4. Determining the Synthetic Attenuation Coefficient of Pollutants 
The synthetic attenuation coefficient reflecting the changes of pollutants along the river is different to 
different pollutants under the different environmental conditions. This coefficient is determined by 
measured date under natural conditions and by the following formula.  
K=86.4Uln (    )/                                                                                                                                 (3) 
Where: C1— the concentration of pollutants at the upper section of the river (mg/L); C2—the 
concentration of pollutants at the lower section of the river (mg/L); U—the average velocity (m/s); ΔX—
the distance between the upper and the lower section (m); k— the synthetic attenuation coefficient of 
pollutants (1/d). 
In Songhua River of Jiamusi urban area, besides that litter exceptional river area’s synthetic 
attenuation coefficient is measured by field surveying, the rest are mainly referring to the defined 
parameters of some related research outcomes. After double-check and analysis, it determinates synthetic 
attenuation coefficient of pollutants through modifying series of water quality material and combining the 
actual conditions of the area. 
3.3.5. Background Concentration (Co) 
If the calculating element is headwater, the concentration of the headwater will be chosen as the 
background concentration. 
According to the principles of zoning water function and pollutants control, no matter how many 
pollutants it absorbs in the upper function region, the water quality should reach the demands of water 
quality targets in the lower one. Based on that, if the calculating element is not headwater, the water 
quality target of upper water function zone is usually chosen as the background concentration. In some 
rivers, the difference of the water function makes the water quality target much dissimilar because of the 
different exploitation and utilization degree of water resources in every administrative region. Under this 
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condition, the appropriate readjustment has been made in the background concentration according to the 
practical situation [6]. 
3.3.6. Concentration of Pollutants at the Lower Section of River 
It chooses the water quality target of the function region to calculate the concentration at the lower 
section of the river. There is no controlling target of water quality in the pollutant discharge control 
region, and the concentration at the lower section of the river is determined like this: 
(1) If the pollutant discharge control region is at the upper of the transitional region, its concentration 
at the lower section of the river is determined by the following formula. 
C=C0 e(-k )                                                                                                                                        (4) 
Where: C0— the concentration of pollutants at the upper section of the river (mg/ l); k— the synthetic 
attenuation coefficient of pollutants (1/d); X— the length of the function region (m); U—the average 
velocity (m/s); C—the concentration of pollutants at the lower section of the river (mg/l). 
(2) If the pollutant discharge control region is at the upper of the other region, its concentration at the 
lower section of the river is the water quality target of the next function region. 
3.4. Calculation Results 
It chooses the water function region as the calculating element, and makes statistical results based on 
the calculation of the water environment capacity. There are statistical results in Tab.3.  
In Tab.3 the results shows that: (1) The water environment capacity of the development region is the 
biggest: the COD is 172,600 t/a and the NH3-N is 13,300 t/a. They are respectively 96.73% and 96.73% 
of all. The water environment capacity of the reservation region is small. The water environment capacity 
of Jiamusi industrial and agricultural water consumption region is the biggest in the second-grade water 
function regions: the COD is 133,400t/a and the NH3-N is 10,500 t/a. They are respectively 77.24 % and 
79.51% of all. The second is the pollutant discharge control region. The proportion of water environment 
capacity of every water function region depends on the design conditions and the length of the function 
region.  
Tab.3. Statistical Results of the Water Environment Capacity in Jiamusi Urban Area 
Water function region Water environment capacity 
    
First-grade water function regions Second-grade water function regions COD(t/a)     NH3(t/a) 
Tang Yuan country reservation region 
of Songhua River  5835.00 448.10 
Jiamusi development region of Songhua 
River 
Jiamusi industrial and agricultural water consumption 
region of Songhua River 133357.98 10545.78 
Jiamusi pollutant discharge control region 26897.59 1815.75 
Jiamusi transitional region of Songhua River 12390.78 902.01 
totally  178481.35 13711.64 
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4. Conclusion 
Tang Yuan country reservation region of Songhua River, of which the water quality is better and the 
degree of development and utilization is lower, is reserved for the development and protection of the 
water resource. In the region it should take measures to maintain the situation of water and limit the 
amount of pollutant discharge.  
 Knowing the distribution of the water function region in Jiamusi urban area and evaluating on the 
situation of the water quality accurately and effectively provide scientific basis for the protection and 
management of the water resources and lay a good foundation for the water resources planning . It means 
a lot to the economic sustainable development of Jiamusi. 
By analyzing the calculation results we can know that: The water environment capacity of unit length 
of the development region in the first-grade water function region is the biggest and that of the reservation 
region is the smallest. That the water environment capacity of unit length of agricultural water 
consumption region in the second-grade water function region is the biggest has something with the 
protecting target of the water quality. The protecting target of the water quality is low and its water 
environment capacity is strong. Based on knowing the water environment capacity of the water function 
region, we should carry out the optimization distribution and management of water resources. We ought 
to improve the benefit and efficiency of water utilization, strictly control developing the industries of 
highly water-consuming and high-polluting, and construct a water-saving and anti-pollution society 
extensively. 
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